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(57) A photomask (R) including a substrate com- 
prised of f luorite (calcium fluoride (CaF^) and protec- 
tive films (42A to 42D) comprised of chrome (Cr), 
chromium oxide (CrO), silicon oxide (Si0 2 or SO), etc. 
The protective films are formed at regions, other than 
the pattern region (40) where the pattern to be trans- 
ferred is formed, which contact other members when 
transporting the photomask or using it for exposure. 
Damage of a photomask produced by a material with a 
low hardness such as fluorrte is prevented. 
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Description 

TECHNICAL FIELD 

[0001 ] The present invention relates to an exposure s 
apparatus used when producing for example a semi- 
conductor device, an imaging device, a liquid crystal 
display, a thin film magnetic head, or another microde- 
vice and to a photomask and aberration correction plate 
used for the exposure apparatus and a process of pro- to 
duction of such a microdevice. 

BACKGROUND ART 

[0002] In the photolithographic process for produc- is 
ing a semiconductor device etc.. use is made of an 
exposure apparatus to transfer a pattern image of a 
photomask {including reticle) on to a photosensitive 
substrate through a projection optical system. The pho- 
tomask used for such an exposure apparatus is gener- 20 
ally produced using quartz glass. Quartz glass has a 
low transmission loss of light, has resistant to tempera- 
ture changes, is excellent in corrosion resistance and 
elastic performance, has a small coefficient of linear 
expansion (about 5.5 x 10~ 7 /K), and has other superior 25 
properties. It therefore has the advantages of enabling 
formation of a pattern with a high precision and a good 
work efficiency. Semiconductor integrated circuits of 
increasing miniaturization are being developed. In the 
photolithographic process, the wavelengths of the light 30 
sources used are becoming increasingly shorter. Vac- 
uum ultraviolet light, in particular, light of wavelengths 
shorter than 200 nm, for example, light of ArF excimer 
lasers (wavelength 193 nm) or F 2 lasers (wavelength 
157 nm), etc. has now come into use as exposure light 35 
[0003] If ordinary quartz glass is used for light of a 
wavelength less than about 200 nm, however, the trans- 
mission loss increases due to absorption and scatter- 
ing. Further, the optical performance declines due to 
heat buildup resulting from absorption and to the fluo- 40 
rescence. The glass itself discolors along with time, that 
is, "color center" occurs, and changes in density, that is, 
"compaction", occurs. These become more remarkable 
the shorter the wavelength. Therefore, when using ordi- 
nary quartz glass, it has been thought that use for light 45 
of a wavelength about that of an ArF excimer laser 
(wavelength 1 93 nm) was the limit It was generally con- 
sidered difficult to use a photomask made of ordinary 
quartz glass for light of shorter wavelengths. Therefore, 
production of a photomask using fluorite (CaF^. a so 
material with a high transmfttance even with respect to 
light of a wavelength less than about 200 nm, has been 
studied. Note that the use of fluorite is considered par- 
ticularly effective when used for light of a wavelength 
less than 190 nm, but use of fluorite is also preferable in 55 
the case of the above ArF excimer laser from the view- 
point of the transmittance. 

[0004] The Mohs hardness of f tuorite, however, is 4. 



This is softer than the Mohs hardness 7 of quartz, the 
material used for photomask substrates in the past. Use 
as a photomask is problematic in that the photomask is 
susceptWe to damage during transport and the dust 
generated from the damaged locations is liable to cause 
unwanted foreign matter to deposit on the pattern and 
prevent exposure of the desired pattern. Therefore, 
when producing a photomask using fluorite, measures 
have to be taken against this. Further, fluorite has a low 
resistance to temperature changes, is fragile and easily 
scratched, is damaged during the process of pattern for- 
mation, and has a higher coefficient of linear expansion 
compared with quartz, so special control and counter- 
measures are required for forming a mask pattern with 
a high precision. Further, when used for an exposure 
apparatus for actual exposure work the temperature 
has to be controlled extremely strictly Sometimes 
obstacles arise in transferring a pattern on a photosen- 
sitive substrate with a higher precision. 
[0005] The above problems relate to the photomask 
per se. The exposure apparatus is sometimes equipped 
with a fixed or detachable transparent aberration correc- 
tion plate in the path of the imaging light between the 
photomask and photosensitive substrate (for example, 
between the photomask and projection optical system) 
so as to correct distortion resulting from distortion of the 
projection optical system or other aberration. Similar 
problems arise as with the above photomask for this 
aberration correction plate as well. Further, the prob- 
lems relating to the photomask and aberration correc- 
tion plate hinder shortening of the wavelength of the 
exposure apparatus, make dealing with the increasing 
miniaturization of patterns to be formed on photosensi- 
tive substrates difficult, and make realization of stable 
exposure performance over time and provision of an 
exposure apparatus with a long service life hard. 

DISCLOSURE OF THE INVENTION 

[0006] Accordingly, a first object of the present 
invention is to provide a photomask produced using a 
material, such as fluorite, having a low hardness to ena- 
ble the exposure wavelength to be shortened further 
and a finer pattern to be transferred, yet which is not 
damaged when transporting the photomask or at the 
time of scan exposure. 

[0007] A second object of the present invention is to 
provide a photomask, used for an exposure apparatus 
using light of a particularly short wavelength (wave- 
length of not more than about 200 nm) for exposure, 
which is high in light transmittance, excellent in UV 
resistance, good in processability, and enables realiza- 
tion of a high precision. 

[0008] A third object of the present invention is to 
provide an aberration correction plate, used for an expo- 
sure apparatus using light of a particularly short wave- 
length (wavelength of not more than about 200 nm) for 
exposure, which is high in light transmittance, excellent 
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in UV resistance, good in processabilrty, and enables 
realization of a high precision. 

[0009] A fourth object of the present invention is to 
provide an exposure apparatus able to handle the 
increasing miniaturization of patterns formed on photo- 5 
sensitive substrates, feature low deterioration of the 
exposure performance along with time, and having a 
long service life. 

[0010] A fifth object of the present invention is to 
provide a process for production of a microdevice of a 10 
good quality. 

1. To achieve the first object, according to the 
present invention, there is provided a photomask 
including a substrate, a transfer pattern formed on is 
the substrate, and a protective film formed on the 
substrate for protecting the substrate. The protec- 
tive film may be formed, in a region of the outer sur- 
face of the substrate other than the region at which 
the transfer pattern is formed, at a contact surface 20 
with a member for holding the photomask and at 
least at a part of the area near the contact surface. 

According to the photomask of the present 
invention, since a protective film is formed for pro- 
tecting the substrate of the photomask, even if the 2s 
photomask is produced using a material, such as 
f luorite, with a low hardness, the photomask will not 
be damaged during transport of the photomask or 
during scan exposure. The photomask is preferably 
irradiated with illumination light of a wavelength not 30 
more than 190 nm. In this case, it is posstole to 
transfer an extremely finer pattern using extreme 
ultraviolet illumination light of a wavelength not 
more than 190 nm. The substrate of the photomask 
is preferably formed by calcium fluoride (CaFa). ss 
Note that f luorite is a typical example of this. In this 
case, it is possible to use extreme ultraviolet expo- 
sure light such as light of an F 2 excimer laser 
(wavelength 157 nm). The protective fim is prefera- 
bly comprised of chrome (Cr), chromium oxide 40 
(CrO), or silicon oxide (Si0 2 or SiO). In this case, it 
is possible to keep down the cost for forming the 
protective film for preventing damage of the photo- 
mask. 

The protective, film may be formed by the same 4s 
material as the pattern. Further, the protective film 
may be provided at the surface of the substrate on 
which the pattern is formed or on an end face of the 
substrate. 

2. To achieve the second object according to the so 
present invention, there is provided a photomask, 
used for an exposure apparatus having a light 
source emitting illumination light of a wavelength 

not more than about 200 nm, including a substrate 
comprised of fluorine-doped quartz glass and a 55 
pattern formed on that substrate. The quartz glass 
may be produced by hydrolyzing a silicon com- 
pound in a flame, causing the glass particles 



obtained to deposit to form porous glass, heat treat- 
ing the porous glass in a fluorine-containing atmos- 
phere to dope it with fluorine, then making it 
transparent. 

Fluorine-doped quartz glass has incomplete 
structures (bonds) in the glass terminated by fluo- 
rine, so becomes more complete in structure. There 
is therefore less absorption of ultraviolet light and 
the structure is stably maintained even if exposed to 
the strong energy of ultraviolet rays. Therefore, a 
photomask high in light transmittance and with little 
deterioration along with time due to exposure to 
ultraviolet rays (color center, compaction, etc.) 
when using ultraviolet rays of a wavelength not 
more than about 200 nm as the illumination light is 
provided. Further, compared with a photomask pro- 
duced using f luorite, there is resistance to heating 
and cooling and resistance to scratching, so the 
work efficiency at the time of production, including 
pattern formation, is good and the coefficient of lin- 
ear expansion is extremely small. Consequently, a 
high precision photomask is provided. 

Further, the quartz glass is preferably further 
doped with hydrogen. This is because by doping 
with hydrogen in addition to fluorine, bonds which 
are cleaved by exposure to ultraviolet rays are ter- 
minated by the doped hydrogen atoms, so the UV 
resistance can be further improved and, by doing 
this, a photomask with little deterioration due to 
exposure to ultraviolet rays is provided. Further, the 
concentration of OH groups in the quartz glass is 
preferably not more than 100 ppm. This is because 
when using the photomask of the present invention 
in an exposure apparatus provided with a light 
source emitting illumination light of a wavelength 
not more than about 170 nm, keeping down the 
concentration of OH groups in the quartz glass to 
less than 100 ppm enables an improvement of the 
transmittance with respect to such short wave- 
length light. 

3. To achieve the second object, according to the 
present invention, there is provided a photomask, 
used for an exposure apparatus provided with a 
light source emitting illumination light of a wave- 
length not more than about 200 nm, including a 
substrate produced using quartz glass having a 
structure determining temperature of not more than 
1200K and an OH group concentration of not less 
than 1000 ppm and a pattern formed on the sub- 
strate. 

Quartz glass containing not less than 1000 
ppm of OH groups is structurally stable compared 
with other quartz glass and tends to have a lower 
structure determining temperature. Further, a low 
structure determining temperature is believed to 
mean less distorted bonded portions in the glass, 
so there is less cleavage of distorted bonded por- 
tions due to exposure to ultraviolet rays and there- 
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fore less of a scattering loss or absorption loss and 
an improvement of the UV resistance. Accordingly, 
there is provided a photomask with a high light 
transmittance and low deterioration along with time 
due to exposure to ultraviolet rays (color center, 5 
compaction, etc.) when using ultraviolet rays of a 
wavelength not more than about 200 nm as the 
exposure light. Further, compared with a photo- 
mask produced using fluorrte, there is resistance to 
heating and cooling and resistance to scratching, w 
so the work efficiency in production, including pat- 
tern formation, is excellent and the coefficient of lin- 
ear expansion is extremely small. Therefore, a high 
precision photomask is provided. 

Note that the "structure determining tempera- 15 
ture" spoken of here is a factor introduced as a 
parameter expressing the structural stability of 
quartz glass. The fluctuation in density of quartz 
glass at room temperature, that is. the structural 
stability, is determined by the density and structure 20 
when the quartz glass in the molten state at a high 
temperature freeze near the glass transition point in 
the process of cooling. That is, the thermodynamic 
density and structure corresponding to the temper- 
ature at which the density and structure freeze are 25 
preserved even under room temperature. The tem- 
perature at which the density and structure freeze is 
defined as the "structure determining temperature". 
4. To achieve the second object, according to the 
present invention, there is provided a photomask, 30 
used for an exposure apparatus having a light 
source emitting illumination light of a wavelength 
not more than about 200 nm, including a substrate 
comprised of a thin sheet of quartz glass, a pattern 
formed on the substrate, and a reinforcing member, 35 
for holding the substrate so as to prevent deforma- 
tion of the substrate, comprised of a material having 
a transmittance at least equal to the substrate at 
least at the area where the illumination light passes. 
The quartz glass is preferably fixed so that the sur- 40 
face on which the pattern is formed is in substan- 
tially close contact with the reinforcing member. As 
the material of the reinforcing member, any of fluo- 
rine -doped quartz glass, quartz glass with an OH 
group concentration of not less than 1 000 ppm, cal- 45 
cium fluoride, rock crystal, and magnesium fluoride 
may be used. 

The loss of light passing through the quartz 
glass becomes larger in proportion to the thickness 
of the glass, so the glass is made a thin sheet and so 
the pattern formed on there so as to reduce the 
transmission loss at that portion. Further, by hold- 
ing the thin sheet of quartz glass by a reinforcing 
member comprised of a material having a transmit- 
tance at least equal to that of the quartz glass at 55 
least at the area where the illumination light passes, 
the low strength resulting from the thin sheet shape 
is compensated for and flexing etc. are prevented. 



Since the pattern is formed on the thin sheet of 
quartz glass, there is little loss even when using 
ultraviolet rays of a wavelength not more than about 
200 nm as the illumination light. Further, there is 
less deterioration due to heating and cooling and 
the coefficient of linear expansion is small as well, 
so a high precision pattern can be easily formed. 
Further, the quartz glass on which the pattern is 
formed is reinforced by a reinforcing member, so 
there is little flexing and a photomask high in preci- 
sion and excellent in characteristics is provided. 
The quartz glass is preferably doped with fluorine. 
This is because by doping the thin sheet of quartz 
glass with fluorine, the transmission loss can be fur- 
ther reduced and the UV resistance can be 
improved. 

5. To achieve the fourth object, according to the 
present invention, there is provided an exposure 
apparatus comprising an illumination optical sys- 
tem for emitting illumination light of a wavelength of 
less than about 200 nm to a photomask a projec- 
tion optical system for projecting the illumination 
light emitted from the photomask on to a photosen- 
sitive substrate, a stage arranged at the object 
plane side of the projection optical system and 
moving the photomask substantially along the 
object plane, and a reinforcing member, provided at 
the stage for holding the photomask and preventing 
its deformation, comprised of a material having a 
transmittance at least equal to that of the photo- 
mask at least at an area through which the illumina- 
tion light passes. The photomask is preferably fixed 
so that the surface on which the pattern is formed is 
substantially in close contact with the reinforcing 
member. As the material of the reinforcing member, 
any of fluorine-doped quartz glass, quartz glass 
with an OH group concentration of not less than 
1000 ppm, calcium fluoride, rock crystal, and mag- 
nesium fluoride may be used. 

According to this exposure apparatus, since 
the photomask is held by a reinforcing member 
comprised of a material having a transmittance at 
least equal to it, flexing or other deformation of the 
photomask are prevented and therefore a high pre- 
cision of pattern transfer can be realized. Further, 
since flexing and other deformation are prevented 
even if the photomask is made thin, it is possible to 
reduce the transmission loss without inviting a drop 
in precision. 

6. To achieve the third object, according to the 
present invention, there is provided an aberration 
correction plate of a projection optical system, pro- 
jecting an image of a pattern to be exposed to illu- 
mination light of a wavelength not more than about 
200 nm on to a predetermined surface, produced 
using fluorine-doped quartz glass or quartz glass 
having a structure determining temperature of not 
more than 1200K and an OH group concentration 
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of not less than 1000 ppm. 

Fluorine-doped quartz glass has Incomplete 
structures (bonds) in the glass terminated by fluo- 
rine, so becomes more complete in structure. There 
is therefore less absorption of ultraviolet light and s 
the structure is stably maintained even if exposed to 
the strong energy of ultraviolet rays. Further, quartz 
glass containing not less than 1000 ppm of OH 
groups is structurally stable compared with other 
quartz glass and tends to have a lower structure io 
determining temperature. Further, a lower structure 
determining temperature is believed to mean less 
distorted bond portions in the glass, therefore there 
is less cleavage of distorted bond portions due to 
exposure to ultraviolet rays and therefore there is is 
less scattering loss or absorption loss and the UV 
resistance is improved. Therefore, an aberration 
correction plate high in light transmittance and with 
little deterioration along with time due to exposure 
to ultraviolet rays (color center, compaction, etc.) 20 
when using ultraviolet rays of a wavelength not 
more than about 200 nm as the illumination light is 
provided. Further, since it is scratch resistant, the 
work efficiency, at the time of production, including 
the grinding to a shape to deal with the distribution 2s 
of distortion, is good and the coefficient of linear 
expansion is extremely small, so an aberration cor- 
rection plate which can correct aberration with a 
high precision is provided. 

7. To achieve the fourth object, according to the 30 
present invention, there is provided an exposure 
apparatus comprising an illumination optical sys- 
tem for emitting illumination light of a wavelength 
not more than about 200 nm to a photomask, a pro- 
jection optical system for projecting the illumination 35 
light emitted from the photomask on to a photosen- 
sitive substrate, and an aberration correction plate, 
comprised of fluorine-doped quartz glass, for cor- 
recting nonrotationally symmetric aberration of the 
projection optical system and arranged in the path ao 
of imaging light between the photomask and photo- 
sensitive substrate. 

According to this exposure apparatus, since 
provision is made of an aberration correction plate 
using a predetermined quartz glass and this aber- as 
ration correction plate has the superior characteris- 
tics of a high light transmittance with respect to 
irradiation by ultraviolet rays of a wavelength not 
more than about 200 nm and little deterioration 
along with time, it is possible to correct aberration so 
stably over time. Therefore, it is possible to realize a 
high exposure precision over a long period, improve 
the reliability of the apparatus, and increase the 
service life. 

8. To achieve the second object according to the ss 
present invention, there is provided a photomask 
comprising a substrate comprised of a sheet of rock 
crystal and a pattern formed on the substrate. 



Rock crystal, that is, crystallized quartz, has a 
low absorption even in the vacuum ultraviolet spec- 
trum (same for infrared spectrum and visible light 
spectrum) and can maintain its structure even if 
exposed to the strong energy of ultraviolet rays. 
Therefore, a photomask high in light transmittance 
and with little deterioration along with time due to 
exposure to ultraviolet rays even when using ultravi- 
olet rays of an extremely short wavelength (for 
example, a wavelength not more than about 200 
nm) as the illumination light is provided. Further, 
compared with a photomask produced using f luor- 
ite, there is resistance to heating and cooling and 
resistance to scratching, so the work efficiency at 
the time of production, including pattern formation, 
is good and the coefficient of linear expansion is 
small. Consequently, a high precision photomask is 
provided. 

9. To realize the fourth object, according to the 
present invention, there is provided an exposure 
apparatus comprising a photomask formed with a 
pattern to be transferred to a rock crystal sheet, an 
illumination optical system for emitting illumination 
light to the photomask, and a projection optical sys- 
tem for projecting the illumination light emitted from 
the photomask on to a photosensitive substrate. 

The photomask used for the exposure appara- 
tus of the present invention is comprised of rock 
crystal, that is. crystallized quartz. Rock crystal has 
a low absorption even in the vacuum ultraviolet 
spectrum and can maintain its structure even if 
exposed to the strong energy of ultraviolet rays. 
Further, as the light source, it is possible to use one 
emitting ultraviolet rays of an extremely short wave- 
length (for example, a wavelength not more than 
about 200 nm), so it is possible to deal with the 
increasing miniaturization of patterns formed on 
photosensitive substrates, stably maintain the 
exposure performance over a long period, and 
increase the service life. 

10. To achieve the fifth object, according to the 
present invention, there is provided a process of 
production of a microdevice comprising bringing a 
protective film formed on a mask together with a cir- 
cuit pattern into contact with a projection to hold the 
mask, emitting illumination light of a wavelength not 
more than about 200 nm to the held mask, using 
the illumination light from through the mask for 
exposing a photosensitive layer on the substrate on 
which the microdevice is to be formed, and thereby 
transferring the circuit pattern on to the substrate. 

According to this process of production of a 
microdevice of the present invention, since the pat- 
tern is transferred while holding the mask by bring- 
ing a projection into contact with a portion on which 
the protective f im is formed, damage and genera- 
tion of dust along with holding the mask are pre- 
vented, deposition of broken pieces etc. on the 
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mask or other optical elements etc. and formation 
of a poor pattern are prevented, and a microdevice 
having good quality can be produced. 
1 1 . To achieve the fifth object, according to the 
present invention, there is provided a process of 
production of a microdevice comprising emitting 
illumination light of a wavelength not more than 
about 200 nm on a mask made using any of fluo- 
rine-doped quartz glass, quartz glass with an OH 
group concentration of not less than 1000 ppm, 
magnesium fluoride, and rock crystal, using the illu- 
mination light from the mask for exposing a photo- 
sensitive layer on a substrate on which the 
microdevice is to be formed, and thereby transfer- 
ring the pattern of the mask on the substrate. In this 
case, when illuminating the photosensitive layer 
through a projection optical system and using a 
mask comprised of rock crystal, the mask should 
be arranged so that its optical axis becomes sub- 
stantially parallel with the optical axis of the projec- 
tion optical system. 

According to the process of production of a 
microdevice of the present invention, there is little 
deterioration of the mask over time even if using 
illumination light of a short wavelength, so it is pos- 
sible to produce high quality microdevices stably 
over a long period. 

BRIEF DESCRIPTION OF THE DRAWINGS 
[0011] 

Fig. 1 a is a bottom view of a reticle of a first embod- 
iment of the present invention; 
Fig. 1b is a side view of the reticle of the first 
embodiment of the present invention; 
Fig. 2a is a bottom view of a reticle partially 
improved from the first embodiment of the present 
invention; 

Fig. 2b is a side view of a reticle partially improved 
from the first embodiment of the present invention; 
Fig. 3 is a view of the general configuration of a pro- 
jection exposure apparatus of the first embodiment 
of the present invention; 

Fig. 4 is a view of the general configuration of a pro- 
jection exposure apparatus of the second embodi- 
ment of the present invention; 
Fig. 5a is a view of an example of asymmetric resid- 
ual distortion to be corrected by an aberration cor- 
rection plate of the second embodiment of the 
present invention; 

Fig. 5b is a sectional view of the shape and 
arrangement of the aberration correction plate of 
the second embodiment of the present invention; 
Fig. 6 is a flow chart of the production process of 
f luorine-doped quartz glass of the second embodi- 
ment of the present invention; 
Fig. 7a is a front view of a reticle of a third embodi- 



ment of the present invention; 
Fig. 7b is a plan view of the reticle of the third 
embodiment of the present invention; 
Fig. 8a is a bottom view of a reinforcing substrate of 
5 the third embodiment of the present invention; and 

Fig. 8b is a side view of the reinforcing substrate of 
the third embodiment of the present invention. 

BEST MODE FOR CARRYING OUT THE INVENTION 

10 

[0012] The present invention will be explained in 
more detail next in accordance with the attached draw- 
ings. 

is First Embodiment 

[0013] Below, a first embodiment of the present 
invention will be explained with reference to Fig. 1a and 
Fig. 1b. Fig. 1a shews the pattern surface of a reticle R 

20 of the present example used as a photomask, while Fig. 
1 b is a side view of the same. In Fig. 1 a and Fig. 1 b, the 
reticle R is comprised of a flat substrate made of f luorite 
as the calcium fluoride (CaFa) on which a pattern to be 
transferred, predetermined protective films, etc. are 

25 formed. That is, the pattern to be transferred is formed 
at a pattern region 40 at the center of the pattern sur- 
face (bottom surface) of the reticle R. Further, at the two 
sides of the pattern region 40 are formed reticle align- 
ment marks 41 A and 41 B for positioning the reticle R 

30 with respect to the exposure apparatus (pattern transfer 
apparatus). Further, above and below the reticle align- 
ment marks 41 A and 41 B are for example formed pro- 
tective films 42A to 42D comprised of the same material 
as the material forming the pattern to be transferred. 

35 [0014] Normally when a reticle R is mounted in an 
exposure apparatus, positional offset of the reticle R 
during the exposure operation is prevented by having 
the reticle R held by suction by a reticle holder at prede- 
termined areas in the plane at the pattern region 40 

40 side. The reticle R of this example is formed with protec- 
tive films 42A to 42D at the regions held by suction, 
therefore the surface of the reticle R held by suction is 
covered by the protective films 42A to 42D. Further, 
when loading the reticle R of this example in a scan 

45 exposure apparatus, the direction parallel to the axis of 
symmetry of the reticle alignment marks 41 A and 41 B 
becomes the scanning direction. 
[0015] Since the protective films are formed on the 
suction held surfaces of the reticle R of this example. 

so even if the reticle uses a substrate of a soft material 
such as fluorite, there is no damage etc. at the time of 
contact with the exposure apparatus and, further, for- 
eign matter produced when damage is caused and dep- 
osition of the foreign matter on the pattern surface can 

55 be completely prevented. Further, since the reticle R is 
generally transported and held with the regions of the 
reticle R on which the protective films 42A to 42D are 
formed in contact with the reticle loader or case, not 
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only at the time of exposure, but also at the time of load- 
ing the reticle R into the exposure apparatus and 
unloading the reticle R from the exposure apparatus or 
in the state with the reticle R held in a case, the protec- 
tive films 42A to 42D can prevent damage and genera- s 
tion of dust at these stages. 

[001 6] Note that the regions at which the protective 
films 42A to 42D are formed are positioned differently 
from the pattern region 40 on which the pattern to be 
transferred is drawn, so the material of the protective 
films 42A to 42D may also be one through which expo- 
sure light cannot pass. For example, it is also possible to 
use diamond grown by CVD (chemical vapor deposi- 
tion). Further, there is the advantage that the production 
costs can be lowered when using silicon oxide (Si0 2 or 
SiO). When using chrome (Cr), chromium oxide (CrO). 
or molybdenum silicide (for example. MoSig), the same 
as the pattern to be transferred, for the material of the 
light shielding pattern used for the pattern region 40, it 
is possible to form the protective films 42A to 42D at the 
same time as the formation of the pattern region 40, so 
there is the advantage that the film formation process is 
simplified and the production costs can be reduced. In 
this example, fluortte was used as the material of the 
substrate of the reticle R, but even when using quartz 
glass doped with phosphorus (P) or the later mentioned 
fluorine (F) having a high transmittance with respect to 
extreme ultraviolet rays, formation of the protective films 
42 A to 42D enables prevention of damage at the time of 
transport of the reticle R or the time of scan exposure. 
[0017] Next, an example of an improvement of the 
photomask of the first embodiment will be explained 
with reference to Fig. 2a and Fig. 2b. Fig. 2a and Fig. 2b 
show a reticle R1 formed with protective films 42E, 42F, 
42Q, and 42H at the side faces as well. By forming the 
protective films 42E to 42H at the side faces of the reti- 
cle R1, damage to the reticle can be prevented when 
the side faces of the reticle contact other members dur- 
ing inspection of the reticle for defects etc. By forming 
protective films at all locations where the reticle con- 
tacts other members in this way. it is possible to com- 
pletely prevent damage to the reticle. 
[001 8] Next, an example of the method of use of the 
reticle of the above embodiment will be explained. 
Below, an explanation will be made, with reference to 
Fig. 3, of the case of exposure by a step-and-scan type 
projection exposure apparatus using the reticle R 
shown in Fig. 1a and Rg. 1b. 

[0019] Fig. 3 shows the general configuration of a 
projection exposure apparatus of this example. In Fig. 3, 
ultraviolet pulse light IL, constituting the exposure light, 
emitted from an F 2 laser light source 1, having a wave- 
length of 157 nm, and narrowed in band travels via a 
beam matching unit (BMU) 3 including a movable mirror 
etc. tor matching the position of the light path with the 
exposure apparatus proper and strikes a variable light 
attenuator 6 constituting the light attenuator. An expo- 
sure controller 30 for controlling the amount of exposure 



of a resist on a wafer controls the starting and stopping 
of emission of light by the F 2 laser light source 1 and the 
output as determined by the oscillation frequency and 
pulse energy and adjusts, in steps or continuously, the 
light attenuation rate on the ultraviolet pulse light in the 
variable light attenuator 6. Note that the present inven- 
tion may also be applied when using ArF exdmer laser 
light of a wavelength of 193 nm or other laser light of a 
wavelength of not more than about 250 nm as the expo- 
sure light. 

[0020] The ultraviolet pulse light IL passing through 
the light attenuator 6 passes through a beam shaping 
optical system comprised of lens systems 7A and 7B 
arranged along a predetermined light path and strikes a 
fly's-eye lens 11. In the present example, there is one 
fly's-eye lens 1 1 , but the illumination uniformity may be 
improved, as shown in for example Japanese Unexam- 
ined Patent Publication (Kokai) No. 1-235289 and its 
corresponding U.S. Patent No. 5.307,207, by providing 
two fly's-eye lenses in series. An aperture system 12 of 
the illumination system is arranged at the exit side of the 
fly's-eye lens 1 1 . The aperture system 12 is arranged to 
enable a circular aperture for normal illumination, an 
aperture for modified illumination comprised of a plural- 
ity of small off-center openings, an aperture for ring-type 
illumination, etc. to be switched between. The ultraviolet 
pulse light IL emitted from the fly's-eye lens 11 and 
passing through a predetermined aperture of the aper- 
ture system 12 strikes the high transmittance. low 
reflectance beam splitter 8. The ultraviolet pulse light 
reflected at the beam splitter 8 strikes an integrator sen- 
sor 9 comprised of a photoelectric detector. The detec- 
tion signal of the integrator sensor 9 is supplied to the 
exposure controller 30. Note that instead using a fly's- 
eye lens as the optical integrator (homogenizer) or 
along with the fl/s-eye lens, it is possible to use a rod 
integrator. 

[0021] The transmittance and reflectance of the 
beam splitter 8 are measured in advance to a high pre- 
cision and stored in a memory of the exposure controller 
30. The exposure controller 30 is configured to be able 
to indirectly monitor the amount of ultraviolet pulse light 
IL striking the projection optical system PL and its inte- 
gral by the detection signal of the integrator sensor 9. 
Note that to monitor the amount of light striking the pro- 
jection optical system PL, as shown by the dotted line in 
Fig. 3, for example, a beam splitter 8A may be arranged 
in front of the lens system 7 A, the reflected light from the 
beam splitter 8A received by the photoelectric detector 
9A, and the detection signal of the photodetector 9A 
supplied to the exposure controller 30. 
[0022] The ultraviolet pulse light IL passing through 
the beam splitter 8 travels via a condenser lens system 
1 4 to strike a fixed illumination field aperture (fixed blind) 
15A in a reticle blind mechanism 16. The fixed blind 
1 5A, for example as disclosed in Japanese Unexamined 
Patent Publication (Kokai) No. 4-196513 and its corre- 
sponding US. Patent No. 5,473,410, has a straight slit 
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shape or rectangular shaped opening (hereinafter 
referred to overall as a "slit shape") arranged to extend 
in a direction perpendicular to the direction of scan 
exposure at the center of the circular f ield of the projec- 
tion optical system PL. Further, inside the reticle Wind 
mechanism 16 is provided a rnovable blind 15B for 
changing the width of the illumination field area in the 
direction of scan exposure separate from the fixed blind 
15A. The movable blind 15B enables a reduction of the 
stroke of the scan motion of the reticle stage and a 
reduction of the width of the light shielding strip of the 
reticle 9. Information of the opening rate of the movable 
Hind 15B is supplied to the exposure controller 30 as 
well. The value of the amount of incident light found 
from the detection signal of the integrator sensor 9 mul- 
tiplied by the opening rate is the actual amount of light 
incident on the projection optical system PL 
[0023] The ultraviolet pulse light IL shaped to a slit 
by the fixed blind 1 5A of the reticle blind mechanism 1 6 
travels via an imaging lens system 17. reflection mirror 
18, and main condenser lens system 19 to illuminate an 
illumination field resembling the slit-lite opening of the 
fixed blind 15A on the circuit pattern field of the reticle R 
by a uniform intensity. That is, the opening constituted 
by the fixed blind 1 5A and movable blind 1 5B is located 
on or nearby a conjugate plane to the pattern surface of 
the reticle R due to the composite system of the imaging 
lens system 17 and main condenser lens system 19. 
[0024] Under the ultraviolet pulse light IL, the image 
of the circuit pattern in the illumination field of the reticle 
R is transferred through the double-sided telecentric 
projection system PL to the slit-shaped exposure field of 
the resist layer on the wafer W arranged at the imaging 
plane of the projection optical system PL by a predeter- 
mined projection magnification 0 (p is for example 1/4, 
1/5, etc.). This exposure field is located on one shot 
region among the plurality of shot regions on the wafer 
W. The projection optical system PL of this example is a 
dioptrics system (refraction system), but of course a cat- 
adioptrics system (reflection-refraction system) may 
also be used. Below, the explanation will be given set- 
ting the Z-axis parallel to the optical axis AX of the pro- 
jection optical system PL, the X-axis in the scan 
direction in the plane perpendicular to the Z-axis (direc- 
tion parallel to surface of paper of Fig. 3). and the Y-axis 
the non-scanning direction orthogonal to the scanning 
direction (direction perpendicular to surface of paper of 
Fig. 3). 

[0025] At this time, the reticle R is held by suction by 
a reticle holder 20A at areas where the protective films 
42A to 42D are farmed. The reticle stage 20A is carried 
on a reticle base 20B so as to be able to move at an 
equal speed in the X-direction and so as to be able to be 
moved finely in the X-direction, Y-direction, and direc- 
tion of rotation. The two-dimensional position and angle 
of rotation of the reticle stage 20A (reticle R) are meas- 
ured in real time by a laser interferometer in a drive con- 
trol unit 22. Based on the measured results and control 



information from a main control system 27 comprised of 
a computer in overall control of the operation of the 
apparatus as a whole, a drive motor (linear motor or 
voice coil motor etc.) in the drive control unit 22 controls 
5 the scan velocity and position of the reticle stage 20A. 
[0026] When aligning the reticle R, the center of the 
pair of reticle alignment marks 41 A and 41 B is set to 
about the center of the exposure field of the projection 
optical system PL In that state, the reticle alignment 
10 marks 41 A and 41 B are illuminated by illumination light 
of the same wavelength as the exposure light IL The 
images of the reticle alignment marks 41 A and 41 B are 
formed near alignment marks (not shown) on the wafer 
stage 24. By detecting the amount of offset of an align- 
15 ment mark on the wafer stage 24 with respect to the 
image of a reticle alignment mark 41 A or 41 B by a reti- 
cle alignment microscope (not shown) and positioning 
the reticle stage 20A to correct this offset, the reticle R 
can be positioned with respect to the wafer W. At this 
20 time, by observing a corresponding reference mark by 
an alignment sensor (not shown), the interval (base line 
amount) from the center of detection of the alignment 
sensor to the center of the pattern image of the reticle R 
is calculated. When performing overlay exposure on the 
25 wafer W, the wafer stage 24 is driven based on the posi- 
tion obtained by correcting the results of detection by 
the alignment sensor by that base line amount thereby 
enabling scan exposure of the pattern image of the reti- 
cle R to the shot regions on the wafer W with a high 
30 overlay accuracy. 

[0027] On the other hand, the wafer W is held by 
suction by the wafer holder WH on a Z-tilt stage 24Z. 
The Z-tilt stage 24Z is fixed on an XY-stage 24XY mov- 
ing two-dimensionally along an XY-plane parallel to the 
35 image plane of the projection optical system PL The 
wafer stage 24 is comprised by the Z-tilt stage 24Z and 
the XY-stage 24XY. The Z-tilt stage 24Z controls the 
focus position (Z-direction position) and tilt angle of the 
wafer W to bring the surface of the wafer W into register 
40 with the image plane of the projection optical system PL 
by an auto focus system and auto leveling system, while 
the XY-stage 24XY performs an equal speed scan in the 
X-direction of the wafer W and stepping in the X-direc- 
tion and Y-direction. The two-dimensional position and 
45 angle of rotation of the Z-tilt stage 24Z (wafer W) are 
measured in real time by a laser interferometer in a 
drive control unit 25. Based on the measured results 
and control information from the main control system 
27. a drive motor (linear motor etc.) in the drive control 
so unit 25 controls the scan velocity and position of the XY- 
stage 24XY. The rotational error of the wafer W is cor- 
rected by rotating the reticle stage 20A through the main 
control system 27 and drive control unit 22. 
[0028] The main control system 27 sends the 
55 movement position, movement velocity, movement 
acceleration, positional offset, and other various infor- 
mation for the reticle stage 20A and XY-stage 24XY to 
the drive control units 22 and 25. At the time of scan- 
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exposure, the reticle R is made to scan the illumination 
field of the ultraviolet pulse light IL through the reticle 
stage 20A in the +X-drection (or -X-direction) at a 
velocity Vr and, synchronously with this, the wafer W is 
made to scan the exposure field of the pattern image of 
the reticle R through the XY-stage 24XY in the -X-direc- 
tion (or +X-direction) at a velocity p * Vr (p is the projec- 
tion magnification from the reticle R to the wafer W). 
[0029] Further, the main control system 27 controls 
the movement of the blades of the movable blind 16B 
provided in the above reticle blind mechanism 16 for 
synchronization with the movement of the reticle stage 
20A at the time of scan exposure. Further, the main con- 
trol system 27 linked with the exposure controller 30 
sets various exposure conditions for scan exposure of 
the photo resist of the shot regions on the wafer W by a 
suitable amount of exposure and executes the most 
suitable exposure sequence. That is, when an instruc- 
tion for starting scan exposure of one shot region on the 
wafer W is sent from the main control system 27 to the 
exposure controller 30, the exposure controller 30 starts 
the emission of light by the F 2 laser light source 1 and 
calculates the integral of amount of light incident on the 
projection optical system PL through the integrator sen- 
sor 9. Further, the exposure controller 30 sequentially 
calculates the transmittance of the projection optical 
system PL from the integral of the amount of incident 
light and controls the output of the illumination system 1 
(oscillation frequency and pulse energy) and the light 
attenuation rate of the variable light attenuator 6 based 
on the transmittance so as to obtain a suitable amount 
of exposure at all points of the resist on the wafer W 
after scan exposure. When finishing the scan exposure 
of the shot regions, the emission of light by the F 2 laser 
light source 1 is stopped. 

[0030] Further, an illumination amount monitor 32 
comprised of a photoelectric detector is provided near 
the wafer holder WH on the Z-tiK stage 24Z in this exam- 
ple. The detection signal of the illumination amount 
monitor 32 is also supplied to the exposure controller 
30. The illumination amount monitor 32 is provided with 
a light receiving face of a size covering the entirety of 
the exposure field by the projection optical system PL. 
By driving the XY-stage 24XY to set the light receiving 
face at a position covering the exposure field of the pro- 
jection optical system PU the amount of ultraviolet 
pulse light IL passing through the projection optical sys- 
tem PL can be measured. In this embodiment, the 
detection signals of the integrator sensor 9 and the illu- 
mination amount monitor 32 are used to measure the 
transmittance of the projection optical system PL. Note 
that instead of the illumination amount monitor 32, it is 
possible to use an illumination uniformity sensor having 
a pinhole shaped light receiving part for measuring the 
distribution of light in the exposure field. 
[0031] In this embodment, since the F 2 laser light 
source 1 is used, a subchamber 35 is provided for 
shielding the light paths from the pipe 5 to the variable 



light attenuator 6, lens systems 7A and 7B, and further 
fly's-eye lens 1 1 to main condenser lens system 19 from 
the outside air. The inside of the subchamber 35 is sup- 
plied through a pipe 36 with helium gas (He) with an 
5 oxygen content kept extremely low. Similarly, the 
entirety of the space inside the barrel of the projection 
optical system PL (space between plurality of lens ele- 
ments) is supplied through a pipe 37 with helium gas. 
While not shown in the figure, helium gas is also sup- 
io plied to the inside of the F 2 laser light source 1 . 

[0032] The helium gas does not have to be supplied 
that often once the atmospheric air is completely 
replaced by it if the subchamber 35 or barrel of the pro- 
jection optical system PL is highly air-tight. Considering 
is the fluctuations in transmittance caused by deposition 
of water molecules, hydrocarbon molecules, silicon- 
based organics, etc. caused from the various sub- 
stances in the light path (glass, coatings, adhesives, 
paint, metals, ceramics, etc.) on the surfaces of the opti- 
20 cal elements, however, rt is necessary to provide a 
forced flow of temperature-controlled helium gas in the 
light path and use a chemical filter or electrostatic filter 
to remove these impurity molecules. 
[0033] As explained above, the reticle R of the 
25 present example is formed with protective films at loca- 
tions where the reticle contacts other members due to 
suction holding etc.. so there are the advantages that 
the reticle is not damaged during scan exposure and the 
scan velocity may be made high in speed. Further, even 
30 when used for a lump exposure type (stationary expo- 
sure type) projection exposure apparatus, there is the 
advantage that damage to the reticle during transport 
etc. can be prevented by the protective films. Therefore, 
even in the case of a reticle produced using a material 
35 such as fluorite with a low hardness, the reticle will not 
be damaged during transport of the reticle or during 
scan exposure, it is possible to use fluorite, which is 
able to pass extreme ultraviolet exposure light such as 
that of an F 2 laser as the material of the photomask, the 
40 exposure wavelength used by the exposure apparatus 
can be made shorter, and a finer pattern can be trans- 
ferred. In particular, in the case of using the reticle for a 
scan exposure apparatus, there is the advantage that 
the scan velocity can be raised and the throughput can 
45 be improved. When the protective film is made by 
chrome (Cr) or chromium oxide (CrO). the light shield- 
ing pattern and the protective film may be made of the 
same materials and the protective film may be formed 
simultaneously with the formation of the light shielding 
so pattern, so the film formation process becomes simpli- 
fied and more economical. When the protective film is 
comprised of silicon oxide (Si0 2 or SiO), acquisition of 
the silicon oxide is easy, so there is the advantage that 
the cost for forming the protective film can be held 
55 down. 
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Second Embodiment 

1. Overall Configuration 

[0034] Fig. 4 is a view of the general configuration 
of a step-and-scan type projection exposure apparatus 
of a second embodiment of the present invention. Parts 
of substantially the same configuration as the first 
embodiment (Fig. 3) are assigned the same reference 
numerals and explanations thereof are omitted. 
[0035] The difference from the projection exposure 
apparatus explained in the first embodiment (Fig. 3) is 
that the reticle holder 20D for holding the reticle R by 
suction is carried on the reticle stage 20A through a plu- 
rality of (for example, four) expandable and contractible 
drive elements (piezoelectric elements etc.) 20C. Note 
that in Fig. 4, the illustration of the reticle base (refer- 
ence numeral 20B of Fig. 3) on which the reticle stage 
20A is arranged is omitted. Further, the aberration cor- 
rection plate 38 is arranged between the reticle R and 
the projection optical system PL as explained later. 

2. Correction of Imaging Characteristics 

[0036] The apparatus of Fig. 4 is provided with a 
correction mechanism for correcting the imaging char- 
acteristics of the projection optical system PL The cor- 
rection mechanism is comprised of a first correction 
mechanism for correcting mainly imaging characteris- 
tics such as symmetric distortion and a second correc- 
tion mechanism for correcting mainly imaging 
characteristics such as asymmetric distortion. First, the 
first correction mechanism will be explained. The imag- 
ing characteristics of the projection optical system PL 
include the focal position, curvature of the field, distor- 
tion, astigmatism, coma aberration, spherical aberra- 
tion, projection magnification, and telecentricity. Various 
mechanisms may be considered for correcting these. 
Here, an explanation will be made of the correction 
mechanism for distortion. In this embodiment, the imag- 
ing characteristics of the projection optical system PL 
are found in advance by actual measurement or calcu- 
lation and the imaging characteristics corrected based 
on the results. 

[0037] In Fig. 4, the first correction mechanism is 
comprised of a drive mechanism 20C of the reticle R 
(reticle holder 20D) and a drive mechanism (not shown) 
of the lens element (topmost lens element) of the reticle 
side of the projection optical system PL. That is, the 
imaging characteristics are corrected by driving the ret- 
icle holder 20B holding the reticle R by suction or the 
topmost lens element in the projection optical system 
PL under the control of the main control system 27 by a 
not shown imaging characteristic control system. 
[0038] First, an explanation will be given of the driv- 
ing of the topmost lens element. In the projection optical 
system PL, the topmost lens element is fixed to a sup- 
port member. The other lens elements after the topmost 



lens element are fixed to the barrel of the projection 
optical system PL Note that in this embodiment, the 
optical axis AX of the projection optical system PL indi- 
cates the optical axis of the optical system comprised of 

5 the other lens elements. The support member of the 
topmost lens element is connected with the barrel of the 
projection optical system PL through drive elements 
comprised of a plurality of piezoelectric elements. In this 
case, operation of the drive elements enables move- 

70 ment of the topmost lens element parallel to the optical 
axis AX. Further, by providing three drive elements and 
operating them independently, the topmost lens ele- 
ment can be tilted with respect to the plane perpendicu- 
lar to the optical axis AX. These operations enable 

T5 correction of the imaging characteristics of the projec- 
tion optical system PL. for example, projection magnifi- 
cation, distortion, curvature of the field, and 
astigmatism. 

[0039] Here, when the topmost lens element moves 
20 in parallel in the direction of the optical axis AX, the pro- 
jection magnification of the projection optical system PL 
(magnification from reticle to wafer) changes by a rate of 
change in accordance with the amount of movement. 
Further, when the topmost lens element is tilted from 
25 the plane perpendicular to the optical axis AX, one pro- 
jection magnification with respect to the rotational axis 
increases, while the other projection magnification 
decreases, that is. deformation of a square image to a 
trapezoidal one can occur. Conversely, trapezoidal dis- 
30 tortion can be corrected by tilting the topmost lens ele- 
ment. 

[0040] Next, an explanation will be made of the ret- 
icle R. As explained above, it is possible to change the 
interval between the projection optical system PL and 

35 the reticle R by operation of the plurality of drive ele- 
ments (for example, piezoelectric elements) at the bot- 
tom of the reticle holder 20D. Here, when the reticle R 
moves parallel to the optical axis AX, aberration called 
"pincushion (or barrel) distortion" can occur in the pro- 

40 jection image. Note that as the drive elements for driv- 
ing the topmost lens element of the projection optical 
system PLand the drive element 20C for driving the ret- 
icle R, it is also possble to use electrostrictive elements 
and magnetostrictive elements in addition to piezoelec- 

45 trie elements. 

[0041] As explained above, by chiving the reticle R 
or the topmost lens element of the projection optical 
system PL, it is possible to suitably correct the projec- 
tion magnification or distortion of the projection optical 

so system PL Further, the focal position or tilt angle of the 
imaging plane changes due to driving these, but the 
amount is fed back as offset of a focal position detection 
system (not shown) and the focal position of the surface 
of the wafer W controlled to always match the average 

55 focal position of the imaging plane of the projection opti- 
cal system PL. 

[0042] Note that in addition to the first correction 
mechanism for correcting distortion of the projection 
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image, a mechanism inserting a glass plate giving a 
partial slight curvature for correcting distortion in the 
space between the projection optical system and reticle, 
a mechanism inserting a glass plate of a variable thick- 
ness (for example, an optical prism etc.) in the space 5 
between the projection optical system PL and the reticle 
R, etc. may also be used. In particular, the method of 
inserting a glass plate with a variable thickness is 
almost the same as the method of moving the reticle R 
up and down and gives the same effect without having a 
detrimental effect on the rigidity of the reticle stage 20 A. 
Further, various other methods such as the method of 
creating a sealed gas chamber between part of the lens 
of the projection optical system and changing the pres- 
sure or the composition of the air (mixture ratio) have 
also been proposed. These may also be similarly used. 
[0043] The first correction mechanism may also be 
used when correcting for changes in the imaging char- 
acteristics accompanying changes in the atmospheric 
pressure, absorption of illumination light of the projec- 
tion optical system PL, changes in the illumination con- 
ditions, etc. in addition correcting the imaging 
characteristics found by actual measurement or calcula- 
tion. This will be explained in brief below. First, an expla- 
nation will be made of the correction for changes in the 
environment such as changes in the atmospheric pres- 
sure. The main control system 27 is supplied with infor- 
mation from environmental sensors such as an 
atmospheric pressure sensor or temperature sensor. 
The main control system 27 calculates the amount of 
change of the imaging characteristics using a coefficient 
found in advance by calculation, experiments, etc. or a 
table etc. based on this information. Further, it finds the 
amount of correction of the correction mechanisms 
such as the drive element 20C and sends the results to 
a not shown imaging characteristic control system as a 
control signal. Based on this control signal, the imaging 
characteristic control system drives the drive element 
20C and the drive elements of the topmost lens element 
of the projection optical system PL to control the top- 
most lens element or reticle R. Further, for the absorp- 
tion of the illumination light of the projection optical 
system PL, for example, the illumination amount moni- 
tor 32 on the wafer stage 24 is used to measure the 
amount of illumination light passing through the projec- 
tion optical system PL before the actual exposure oper- 
ation. The main control system 27 stores for example 
differential equations and other mathematical models 
etc. for calculating the amount of change of the imaging 
characteristics and monitors the amount of illumination 
light to calculate the amount of change of the imaging 
characteristics with each moment Correction by the 
correction mechanism the same as in the case of the 
above environmental changes is possible based on the 
amount of change. 

[0044] Next, a detailed explanation will be given of 
the configuration and operation of the second correction 
mechanism. The second correction mechanism cor- 



rects mainly for asymmetric (nonrotationally symmetric) 
distortion as explained above It causes distortion of the 
projection image of the reticle R corresponding to the 
distortion on the wafer W to correct the imaging charac- 
teristics. First, the configuration will be explained. As 
shown in Fig. 4, a correction plate (aberration correction 
plate) 38 comprised of a transparent optical member is 
arranged parallel to the XY plane between the reticle R 
and the projection optical system PL (about in the mid- 
dle). The correction plate 38 is provided to be able to be 
attached or detached manually or inserted and removed 
by an automatic exchanger (not shown). When provid- 
ing an automatic exchanger, exchange with other simi- 
lar correction plates stored in a storage place becomes 
possfole according to need. The correction plate 38 is 
designed to correct the random distortion difficult to cor- 
rect by the first correction mechanism by changing the 
shape of the projection image of the projection optical 
system PL Further, the correction plate 38 can also be 
used for the purpose of producing distortion corre- 
sponding to the distortion characteristics of another pro- 
jection exposure apparatus placed before or after that 
projection exposure apparatus. Note that the shape etc. 
of the correction plate 38 will be discussed later. 
[0045] Next an explanation will be given of the 
operation of the second correction mechanism with ref- 
erence to Fig. 5a and Fig. 5b. The distortion of the pro- 
jection optical system PL is measured by test exposure 
or the method of use of a photoelectric sensor and is 
first corrected by the first correction mechanism. Distor- 
tion unable to be corrected remains, however. Fig. 5a 
shows an example of the residual distortion. In this 
case, the residual distortion is shown as an offset of the 
pattern on the reticle R. That is, the state of the residual 
distortion of the projection image on the wafer W con- 
verted to lateral offset of the pattern on the reticle R is 
shown in Rg. 5a. 

[0046] In Fig. 5a, offset of the projection image 
occurs, as shown by the arrows, at the lattice points of 
the ideal lattice 39 (pattern corresponding to distortion- 
less lattice shaped projection image) shown by the dot- 
ted lines. In this case, the directions and sizes of the 
arrows show the direction and size of the offset of the 
projection image. As shown in Fig. 5a, there is no con- 
sistency in the directions and sizes of the arrows. They 
are randomly distributed. For example, the four points 
P(1.1). P(1.2). P(2.1). and P(2.2) adjoining each other 
at the top left are offset to the upper left point Q(1 ,1), 
lower left point Q(1,2), upper right point Q(2.1). and 
lower right point Q(2,2). The offsets of the adjoining 
positions are in different directions in this way. Further, 
the lattice points P(1,5), P(5.1), and P(5,5) of the other 
corner are also offset to the lower left point Q(1,5), 
upper left point Q(5,1), and lower right point Q(5,5). 
That is, the direction of the offset is random both in par- 
tial and overall regions. Further the size of the offset is 
random as well. 

[0047] These nonsymmetric random distortion 
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components could not be corrected more than this by 
the conventional methods. In this embodiment, how- 
ever, the random distortion components are corrected 
using the correction plate 38. Fig. 5b is a sectional view 
of the state of arrangement of the correction plate 38 s 
between the reticle R and the projection optical system 
PL (topmost lens element). As shown in Fig. 5b, the top 
surface 38A of the correction plate 38 is shaped to be 
substantially parallel to the reticle R. On the other hand, 
the bottom surface 38B is ground to give it a local angle 
so that the main light rays passing through the reticle R 
are bent in a direction canceling out the distortion. The 
sectional shape of the correction plate 38 in this case 
shows the example of the case of correction of distor- 
tion of the projection image on the line 39A connecting 
the center lattice point P(3,1) to lattice point P(3,5) in the 
ideal lattice 39 of Fig. 5a. Therefore, the main light ray 
L(3.1) of Fig. 5b passing through the lattice point P(3,1) 
is bent in a direction canceling out the offset to the 
upper left direction at the lattice point P(3,1). that is, in 
the lower right direction. Similarly, the main light rays 
L(3,2) to L(3,5) passing through the lattice point P(3,2) 
to lattice point P(3,5) are also bent in directions cance- 
ling out the distortions at the lattice point P(3.2) to lattice 
point P(3,5). Further, the overall shape of the correction 
plate 38 is ground to a shape corresponding to the dis- 
tribution of distortion of Fig. 5a. 
[0048] By grinding the correction plate 38 to a pre- 
determined shape in this way, the corresponding distor- 
tion can be corrected. If trying to correct too much 
distortion by the correction plate 38. however, the thick- 
ness of the correction plate 38 will change considerably 
depending on the location and there will be a detrimen- 
tal effect on the image plane or spherical aberration, so 
it is better to correct the symmetric components by the 
first correction mechanism as much as possible and 
correct only the remaining components by the correc- 
tion plate 38. Note that the aberration correction plate of 
the present invention is not limited to the above correc- 
tion plate 38. Other aberration (curvature of the field, 
astigmatism, spherical aberration, coma aberration, lon- 
gitudinal aberration, and lateral aberration) and telecen- 
tricity may also be corrected. Further, the rotationally 
symmetric components of any aberration (including 
components remaining without being corrected at the 
time of assembly and adjustment of the projection opti- 
cal system PL) may also be corrected. Further, the cor- 
rection plate 38 of the present embodiment preferably is 
arranged between the reticle R and the projection opti- 
cal system PL, but the position of arrangement of the 
correction plate (optical element) to which the present 
invention is applied is not limited to between the reticle 
R and the projection optical system PL. That is, it is suf- 
ficient to arrange the optical element at a predetermined 
position in the imaging light path between the reticle R 
and the photosensitive plate W in accordance with the 
aberration to be corrected. Further, the correction plate 
of the present invention may be shaped in any way. 



[0049] A parallel flat plate arranged to be able to tilt 
between the projection optical system PL and the pho- 
tosensitive plate W may also be used as the correction 
plate to correct for example eccentric coma aberration. 
Further, a glass plate having a predetermined curvature 
for correcting the curvature of the field (Petzval field) 
may also be used. Alternatively, a parallel flat plate for 
correcting spherical aberration may be used. Note that 
an optical element for correcting curvature of the field or 
spherical aberration is arranged between the projection 
optical system PL and the photosensitive plate W. Fur- 
ther, a plurality of optical elements with different curva- 
tures or thicknesses may be interchangeably arranged 
in the imaging light path. Further, two prism-shaped 
optical elements arranged between the reticle R and the 
projection optical system PL may also be used as the 
above correction plate. In this case, at least one of the 
optical elements is made movable to adjust the thick- 
ness and correct distortion, in particular, rotationally 
symmetrical components. 

3. Production of Reticle R and Abemation Correction 
Plate 38 

[0050] Since the light source 1 in this embocfiment 
is an F 2 laser light source (wavelength 157 nm), the ret- 
icle R and correction plate 38 are produced using the 
fluorine-doped synthetic quartz glass or synthetic 
quartz glass having an OH group concentration of not 
less than 1000 ppm 6hown below. 

(1) Case of Production Using Fluorine-Doped Quartz 
Glass 

[0051 ] An explanation will be given of the process of 
production of fluorine-doped synthetic quartz glass with 
reference to the flow chart of Fig. 6. First, a silicon com- 
pound such as SiCI 4 is hydrolyzed in an axyhydrogen 
flame to obtain glass particles (so-called "soot") (Si). 
Next, the glass particles are made to deposit to form 
porous glass (so-called "lump of soot") (S2). The 
method of forming the porous glass and the conditions 
for the same are not particularly limited. The VAD (vapor 
phase axial deposition) method, OVD (outside vapor 
deposition) method, sol-gel method, etc. may be suita- 
bly applied. Next, the porous glass is heat treated in a 
fluorine-containing atmosphere to obtain fluorine-doped 
porous glass (S3). As the fluorine-containing atmos- 
phere, an inert gas atmosphere containing 0.1 to 100 
vol% of a gas of a fluorine compound such as SiF 4 is 
preferable. Further, the pressure in the fluorine doping 
treatment is preferably 0.1 to 10 atm and the tempera- 
ture 1000 to 1700°C. This is because outside of the 
above ranges, doping of a sufficient amount of fluorine 
tends to be difficult 

[0052] Next, the fluorine-doped porous glass is 
made transparent to obtain fluorine-doped synthetic 
quartz glass (S4). The porous glass is normally made 
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transparent at a temperature of more than the softening 
point (preferably melting point) of the glass in an He or 
other inert gas atmosphere, but here the porous glass is 
made transparent in a fluorine-containing atmosphere. 
This is because if making it transparent in a fluorine- 
containing atmosphere, the amount of the fluorine 
doped tends to increase and be maintained. As the flu- 
orine containing atmosphere, an inert gas atmosphere 
containing 0.1 to 100 vol% of a gas of a fluorine com- 
pound such as SiF 4 is preferable. Further the pressure 
in the fluorine doping treatment is preferably 0.1 to 10 
atm. Note that when making the porous glass transpar- 
ent in a fluorine-containing atmosphere, the fluorine- 
doping step (S3) and the transparentization step (S4) 
may be performed in a single step. 
[0053] Further, the fluorine-doped synthetic quartz 
glass is heat treated in a hydrogen gas-containing 
atmosphere to obtain fluorine- and hydrogen-doped 
synthetic quartz glass (S5). As the hydrogen gas-con- 
taining atmosphere, an inert gas atmosphere containing 
0.1 to 100 vol% of hydrogen gas is preferable. Further 
the pressure in the hydrogen doping treatment is prefer- 
ably 0.1 to 10 atm. This is because outside of this range, 
doping of a sufficient amount of hydrogen molecules 
tends to become difficult. Further, the temperature dur- 
ing the hydrogen doping (S5) is preferably less than 
500°. more preferably 0 to 500°C, particularly preferably 
300 to 500°C. 

[0054] In this process of production, by first doping 
the porous glass (so-called "lump of 6001") with fluorine, 
the incomplete structures (bonds) in the porous glass 
can be terminated by fluorine. In particular, with porous 
glass synthesized by the VAD method eta. the atmos- 
phere easily becomes an oxygen-deficient atmosphere 
at the time of dehydrogenation or transparentization 
and Si-Si bonds having an absorption band at 163 nm 
are easily produced. According to this process of pro- 
duction, due to the presence of fluorine there, the Si-Si 
bonds can be cleaved and terminated by Si-F bonds, so 
the production of the above absorption band is can- 
celed. Further. Si-F bonds have a larger bond energy 
than Si-H bonds or Si-CI bonds and so can remain sta- 
ble in structure even if exposed to the strong energy of 
ultraviolet rays. 

[0055] Note that when using the photomask of the 
present invention in an exposure apparatus provided 
with a light source emitting illumination light of a wave- 
length not more than about 170 nm, the OH group con- 
centration in the quartz glass is preferably lowered by 
the above dehydrogenation etc. This is because by low- 
ering the OH group concentration, it is possible to raise 
the transmittance of the quartz glass with respect to 
light of a wavelength of about 155 nm to 170 nm. To 
raise the transmittance, the OH group concentration in 
the quartz glass is preferably held to less than 1 00 pom. 
More preferably, if held to less than 10 ppm or so, the 
transmittance with respect to light of a wavelength of 
1 55 nm to 1 70 nm can be further improved. Here, when 



performing the treatment for removing OH groups to 
less than 1 ppm, reducing defect seeds, for example, 
the Si-Si bonds, may be produced, but in the present 
invention the quartz glass is doped with fluorine and the 

5 fluorine acts to suppress the production of such defects. 
[0056] Next the porous glass is made transparent, 
then is heat treated in a hydrogen gas atmosphere in a 
temperature region of preferably not more than 500°C. 
Doping of hydrogen is possible thermodynamically in a 

io temperature region from ordinary temperature to 2500K 
(2227°C). By doping hydrogen at a relatively low tem- 
perature as not more than 500°C. hydrogen can be 
doped in the state of hydrogen molecules without break- 
ing of bonds by exposure to ultraviolet rays and creation 

is of Si-H bonds easily becoming E'centers and without 
causing a reduction of the Si-F bonds. Therefore, in 
addition to the above strong structure, the E'centers 
produced by exposure to ultraviolet rays are terminated 
by the doped hydrogen atoms and a stronger UV resist- 

20 ance can be obtained. Note that rf performing the heat 
treatment in a hydrogen atmosphere at a temperature of 
over 500°C. Si-H bonds are produced, so the UV resist- 
ance tends to end up falling. It is not preferable to further 
raise the heat treatment temperature. Of course, the 

25 lower the heat treatment temperature, the lower the pro- 
duction efficiency, so 300 to 500°C is particularly prefer- 
able. 

[0057] The concentration of fluorine in the synthetic 
quartz glass produced in this way is preferably more 
so than 100 ppm, more preferably 100 to 30,000 ppm, par- 
ticularly preferably 500 to 30.000 ppm. Further, the con- 
centration of hydrogen molecules in the synthetic quartz 
glass is preferably more than 1 x 10 17 molecules/cm 3 , 
particularly preferably 1 x 10 17 to 1 x 10 10 mole- 
as cules/cm 3 . 

[0058] Note that in the above process of production, 
hydrogen was doped in addition to fluorine, but doping 
of hydrogen is not necessarily required. Synthetic 
quartz glass doped with only fluorine may also be used 
40 to produce the reticle R or correction plate 38. The proc- 
ess of production of synthetic quartz glass in this case 
can be easily realized by eliminating from the process of 
production of the above fluorine- and hydrogen-doped 
synthetic quartz glass the step of doping hydrogen (S5 
45 in Fig. 6). so the explanation will be omitted here. 

[0059] The reticle R and correction plate 38 in the 
present embodiment are produced using the fluorine- 
doped synthetic quartz glass produced by the above 
process. The fluorine-doped synthetic quartz glass has 
so the incomplete structures (bonds) in the glass termi- 
nated by fluorine, becomes more complete in structure, 
has less absorption of ultraviolet rays and stably main- 
tains its structure even if exposed to the strong energy 
of ultraviolet rays. Therefore, the reticle R and correction 
55 plate 38 produced in this way are high in tight transmit- 
tance and have little color center, compaction, and other 
deterioration along with time due to exposure to ultravi- 
olet rays even when using an F 2 laser having a wave- 
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length 157 nm as the illumination light Further, since 
synthetic quartz glass is used, there is resistance to 
heating and cooling, the work efficiency at the time of 
production, including pattern formation, is good, and the 
coefficient of linear expansion is extremely small, so a s 
high precision can be realized at the time of production 
and exposure. Further, by doping hydrogen in addition 
to fluorine, it is possible to strikingly improve the UV 
resistance by the synergistic effect of the properties of 
fluorine and hydrogen molecules with respect to UV 10 
resistance. 

[0060] Note that current photomasks are generally 
of a thickness of about 6 mm and a size of about 150 
mm square, but the above VAD method. OVD method, 
sol-gel method, and other production processes are is 
suited to the production of cylindrical quartz glass. They 
are not suited to the production of sheet glass of a large 
area. Therefore, when producing the quartz glass 
sheet the method may be employed of first producing a 
cylindrical glass rod by the above processes, then heat so 
pressing the cylindrical glass rod to shape it to a sub- 
stantially flat sheet, then cutting and grinding it to finish 
it to a desired size. At the time of this pressing, it is also 
possible to further perform treatment in a hydrogen 
atmosphere at less than 500°C after the above heat 2s 
treatment. This heat treatment causes hydrogen mole- 
cules to dissolve into the quartz glass and thereby 
improves the light resistance. The temperature at the 
time of this hydrogen treatment is preferably less than 
500°C to suppress generation of reducing defect seeds 30 
by reaction with hydrogen. This method enables forma- 
tion of a 150 mm square reticle substrate from a small 
diameter cylindrical quartz glass and enables produc- 
tion of the photomask of the present invention by a 
smaller size, that is, lower cost, production facility. Of 35 
course, this process of production may be applied for an 
aberration correction plate as well. 

(2) Case of Production Using Quartz Glass Having OH 
Group Concentration Not Less Than 1 000 ppm *o 

[0061] The synthetic quartz glass able to be used 
for the production of a reticle R and correction plate 38 
in this case is synthetic quartz glass having a structure 
determining temperature of not more than 1200K and 45 
an OH group concentration of not less than 1000 ppm, 
preferably 1000 to 1300 ppm. By making the OH group 
concentration not less than 1000 ppm and the structure 
determining temperature not more than 1200K in this 
way. it is possible to make the scattering loss and 50 
absorption loss much lower when using it for vacuum 
ultraviolet rays of a wavelength not more than about 200 
nm and possible to reduce the deterioration over time, 
so use of this synthetic quartz glass to produce the reti- 
cle R or correction plate 38 enables production of a ret- 55 
ide R or correction plate 38 with a high transmrttance 
and a superior UV resistance. 
[0062] The total amount of the light scattered and 
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absorbed in the reticle R or correction plate 38, that is. 
the amount of transmission loss, has an effect on the 
amount of light on the wafer W and has an effect on the 
reduction of the throughput due to the reduction of the 
illumination, so the scattering of light or absorption of 
light must be reduced. Here, the "absorption of light" 
means the phenomenon derived from the movement of 
electrons due to the energy of the photons striking the 
optical members. If light absorption occurs in an optical 
member, the energy is mainly converted into heat 
energy, the optical member swells, the refractive index 
or surface state changes, and as a result a high resolu- 
tion can no longer be obtained. Further, in the process 
of easing of the light absorption along with changes in 
the state of electrons, light of a wavelength longer than 
the incident light is emitted as fluorescence. This fluo- 
rescence is close in wavelength to the exposure wave- 
length and if increased in intensity significantly reduces 
the contrast of the image. 

[0063] Further, in general, the energy of the light 
striking a substance causes the phenomenon of scat- 
tering. The scattering phenomenon may be roughly 
classified into Rayleigh scattering, Brillouin scattering, 
and other elastic scattering and Raman scattering and 
other nonelastic scattering. In particular, if the scatter- 
ing intensity of the reticle R or correction plate 38 is 
high, the scattered light becomes a cause of reduction 
of the contrast of the image and reduction of the optical 
characteristics. Of course, the light scattering has a 
smaller effect compared with changes in the shape or 
refractive index of an optical member due to light 
absorption, but the light scattering cannot be ignored in 
the vacuum ultraviolet ray spectrum of an F 2 laser 
(wavelength 157 nm). 

[0064] Here, the mechanism by which the transmis- 
sion toss with respect to vacuum ultraviolet rays is sig- 
nificantly suppressed in quartz glass having a structure 
determining temperature, a parameter of structural sta- 
bility, of not more than 1200K, that is, quartz glass hav- 
ing close to an ideal structure into which not less than 
1000 ppm of OH groups are introduced, is not neces- 
sarily clear, but the following may be considered. Note 
that the structure determining temperature of quartz 
glass of the present invention is extremely low com- 
pared with for example the 1450K structure determining 
temperature of an optical fiber. Quartz glass with a high 
structure determining temperature is believed to be 
structurally unstable. That is, the -Si-O-Si- bond 
angles in the quartz glass network have a certain distri- 
bution due to the glass. This distribution of bond angles 
includes structurally unstable ones. This distribution of 
bond angles is believed to be due to the bridging of tet- 
rahedrons produced by the oxygen atoms and silicon 
atoms in the quartz glass and therefore the presence of 
tetrahedrons of distorted forms. These distorted bond 
portions are easily cleaved by exposure to ultraviolet 
rays and end up producing harmful E'centers. NBOHC, 
or other defects. As opposed to this, in quartz glass with 
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a low structure determining temperature, there are 
believed to be extremely few such distorted bond por- 
tions. 

[0065] Further, the quartz glass containing OH 
groups in the above range is structurally stabler com- 
pared with other quartz glass and tends to have a lower 
structure determining temperature. The detailed rea- 
sons are as follows: As explained above, the =Si-0-Si- 
bond angles in the quartz glass network have a certain 
distribution due to the glass and include structurally 
unstable bond portions. If there are OH groups in the 
above range, however, there is no longer a need for 
bridging giving rise to unstable bond angles, so the tet- 
rahedrons can be brought close to the stablest struc- 
tures. Therefore, quartz glass containing OH groups in 
this range are structurally stabler compared with other 
quartz glass and tend to have lower structure determin- 
ing temperatures. Accordingly, in synthetic quartz glass 
having a concentration of OH groups of not less than 
1000 ppm and a structure determining temperature of 
not more than 1200K, the synergistic effect enables a 
reduction of the scattering loss and absorption loss with 
respect to vacuum ultraviolet rays. In such a quartz 
glass, the concentration of fluorine is preferably at least 
300 ppm. This is because if the fluorine concentration is 
more than 300 ppm, the structure determining tempera- 
ture tends to become lower under the same annealing 
conditions. 

[0066] Further, some of the reasons for the deterio- 
ration of the UV resistance of quartz glass are known to 
be the -Si-Si-. -Si-O-O-Si-. solute oxygen molecules, 
etc. These precursors end up being easily converted to 
E'centers, NBOHC, and other structural defects due to 
exposure to ultraviolet rays such as of excimer lasers 
and become causes for the reduction of the transmit- 
tance. In the quartz glass of this embodiment however, 
due to the few incomplete structures derived from this 
deviation from the stoichiometric ratio, the UV resist- 
ance is also excellent, so the reticle R or correction 
plate 38 in this embodiment has little deterioration along 
with time and can exhibit a predetermined performance 
over a long period. 

[0067] Note that in this quartz glass, the cNorine 
concentration is preferably less than 50 ppm, particu- 
larly preferably less than 1 0 ppm. This is because if the 
chlorine concentration is over 50 ppm, maintaining the 
OH group concentration in the quartz glass at not less 
than 1000 ppm tends to become difficult Further, high 
purity quartz glass with concentrations of the metal 
impurities contained (Mg, Ca, Ti, Cr, Fe, Ni, Cu, Zn, Co. 
Mn, Na, K) of all not more than 50 ppb, particularly pref- 
erably not more than 20 ppb, is preferably used. Due to 
this, the structural defects are reduced and the structure 
becomes close to ideal. Further, the change in refrac- 
tive index, surface changes, and deterioration in tra re- 
mittance due to metal impurities become smaller and 
the UV resistance tends to become improved. 
[0068] In the present embodiment fluorine-doped 



quartz glass or quartz glass with an OH group concen- 
tration of not less than 1000 ppm was used for both of 
the reticle R and the aberration correction plate 38, but 
it is also possible to make the reticle R by any of the 

5 fluorrte (C3F2) explained in the first embodiment, the 
thin sheet of quartz glass explained in the later 
explained third embodiment, and the rock crystal and 
magnesium fluoride explained in the later explained 
fourth embodiment and make just the aberration correc- 

w tion plate 38 by the quartz glass according to the 
present embodiment. Note that the reticle R using the 
quartz glass according to the present embodiment may 
similarly be formed with the protective films (42A to 
42D) explained in the above first embodiment (Fig. 1). 

15 

Third Embodiment 

[0069] Next an explanation will be given of a third 
embodiment of the present invention with reference to 

20 the cfrawings. The projection exposure apparatus of the 
third embodiment is substantially the same in overall 
configuration as the projection exposure apparatus of 
the first or second embodiment (Fig. 3 or Fig. 4). In this 
embodiment, the structure of the reticle R and the hold- 

25 ing structure for the same are specially designed. 
Therefore, details of the projection exposure apparatus 
will be omitted. 

[0070] Fig. 7a and Fig. 7b are views of the configu- 
rations of the reticle R and reticle holder 20D of the third 

30 embodiment. Fig. 7a is a front view and Fig. 7b is a 
plane view. In Fig. 7a and Fig. 7b. the reticle R serving 
as the photomask is provided with a glass substrate 41 
comprised of a thin sheet of synthetic quartz glass and 
a reinforcing substrate (reinforcing member) 42 com- 

35 prised of a sheet of fluorite (CaFg). The pattern to be 
transferred and the reticle alignment marks etc. are 
formed on the glass substrate 41 . The thickness of the 
glass substrate 41 is tor example 0.5 to 1.0 mm. The 
thickness of the reinforcing substrate 42 in this case 

40 may be set to for example about 2 to 3 mm. Note that in 
Fig. 7b, reference numeral 43 shows a pattern formation 
region of the glass substrate 41 (region through which 
illumination light can pass). 

flM)71 ] The reticle 20D is provided with first holders 
45 44, 44 and second holders 45, 45. The first holders 44 
hold the reinforcing substrate 42 by suction. The first 
holders 44 are formed with a plurality of through holes 
44A for suction and are fitted with thin film-like elastic 
sheets 46 comprised of rubber etc. at the portions 
so where the reinforcing substrate 42 is to be held. The 
second holders 45 are arranged to be substantially per- 
pendicular to the first holders 44. The second holders 
45 are formed with a plurality of through holes 45A for 
suction. The glass substrate 41 is held by suction by the 
55 second holders 45 near the two sides. The first holders 
44 and second holders 45 are supported and fixed inde- 
pendently from each other on the reticle stage 20A. The 
top surface of the reinforcing substrate 42 is in register 
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with the plane ol the top surface of the second holders 
45 in the state held by suction on the first holders 44 or 
sticks out from it very slightly. In the state with the glass 
substrate 41 held by suction by the second holders 45 
with its pattern forming surface facing down, the top sur- 
face of the reinforcing substrate 42 comes into uniform, 
close contact with the bottom surface of the glass sub- 
strate 41 , whereby flexing and other deformation due to 
the weight of the thin sheet of the glass substrate 41 is 
prevented. 

[0072] In the reticle R of this embodiment, a pattern 
is formed on the thin sheet of the glass substrate 41, 
and the glass substrate 41 is held by the reinforcing 
substrate 42, comprised of fluorite having superior char- 
acteristics with respect to ultraviolet rays, in particular 
vacuum ultraviolet rays, to prevent flexing etc. The glass 
substrate 41 is comprised of synthetic quartz glass, so 
has little deterioration due to heating and cooling, is 
high in hardness, and scratch resistant so is good in 
work efficiency in the processing such as pattern forma- 
tion and. further, has a small coefficient of linear expan- 
sion, so can form a pattern with a good precision. This 
glass substrate 41 is thin, so the transmission loss of 
the illumination light is small and practical use is possi- 
ble even when using ultraviolet rays as the illumination 
light. Here, the glass substrate 41 is made a thin sheet 
to make the transmission loss small, so there is a con- 
cern over the reduction in precision at the time of expo- 
sure due to deformation by flexing etc., but the relatively 
thick reinforcing substrate 42 made of fluorite is used to 
uniformly hold at least the pattern formation region 
(region through which illumination light passes) of the 
glass substrate 41, so deformation of that portion can 
be prevented and high precision exposure realized. 
[0073] Note that the glass substrate 41 may be an 
ordinary synthetic quartz glass as well, but may be 
made using the fluorine-doped synthetic quartz glass, 
fluorine- and hydrogen-doped synthetic quartz glass, or 
synthetic quartz glass containing not less than 1000 
ppm of OH groups explained in the first embodiment. By 
doing this, the U V resistance and the transmittance can 
be improved. Synthetic quartz glass doped with alumi- 
num or another light metal may be used as well. The 
above elastic sheet 46 is not necessarily required when 
the reinforcing member 42, the holders 44. 45. and 
other parts are processed to strict cfimensions and the 
top surface of the reinforcing substrate 43 and top sur- 
face of the second holders 45 can be set to the same 
plane. Alternatively, instead of this, it is possible to use 
another means for absorbing the dimensional error of 
the parts. 

[0074] Further, instead of using fluorite as the rein- 
forcing substrate 42, it is also possible to use for exam- 
ple rock crystal or magnesium f luorkle. 
[0075] In the above third embodiment, the glass 
substrate 41 and the reinforcing substrate 42 were 
designed to be held by suction by the first and second 
holders 44 and 45 independently, but it is also possible 



to join the two by a holding member holding them in the 
state in close contact with each other and hold this by 
suction by the reticle holder 20D. By doing this, it is pos- 
sible to prevent the entry of dust, foreign matter, etc. 

5 between the glass substrate 41 and reinforcing sub- 
strate 42, help protect the pattern formation surface of 
the glass substrate 41 as well, and make the reinforcing 
substrate 42 function as a pellicle. The reinforcing sub- 
strate 42 need only be able to hold the portion of the 

,o glass substrate 41 of the region 43 where the illumina- 
tion light passes, so just the portion corresponding to 
that region may be made by fluorite and this held by the 
holding member. 

[0076] Fluorite. however, is fragile and easily 
is scratchable by nature, so the reinforcing substrate 42 is 
liable to be scratched during transport etc. of the reticle 
R including the reinforcing substrate 42 or foreign mat- 
ter produced due to damage or scratching is liable to 
have a detrimental effect on the exposure operation. To 
20 deal with this, the following protective films may be 
formed on the reinforcing substrate 42. Fig. 8a and Fig. 
8b show a reinforcing substrate in this case. Fig. 8a is a 
bottom view, while Fig. 8b is a side view. The portions of 
the bottom of the reinforcing substrate 42 (surface 
25 opposite to surface where glass substrate is contacted) 
which are held by suction by the first holders 44 are 
formed with protective fflms 47. As the protective films 
47, for example diamond grown by the CVD (chemical 
vapor deposition) process may be used. Further, silicon 
30 oxide (SiO or SiO£, chrome (Cr), chromium oxide 
(CrO). molybdenum silicide (MoSi 2 ). etc. may also be 
used. As the method of formation, they may be formed 
by a photolithographic process in the same way as ordi- 
nary pattern formation. 
35 [0077] Since the portions of the reinforcing sub- 
strate 42 held by suction by the first holders 44 are 
formed with protective films 47, even if formed by a soft 
material such as fluorite, there will be no damage or 
scratches etc. at the time of contact with the first holders 
40 44 etc., less defects will occur in the reinforcing sub- 
strate 42 itself, and less foreign matter will be produced, 
so the problem of foreign matter depositing on the pat- 
tern surface of the glass substrate 41 and causing dete- 
rioration of the exposure precision can be prevented. 
45 [0078] Note that the locations where the protective 
films 47 are formed on the reinforcing substrate 42 are 
not limited to the positions shown in Fig. 8a and Fig. 8b. 
It is also posstole to form them on the side portions or all 
portions coming into contact with other members. Fur- 
so ther. when joining the reinforcing substrate 42 and glass 
substrate 41 , the protective fims 47 should be formed at 
portions held by the holding member used for that pur- 
pose. Further, the protective films 47 may be formed not 
only at the reinforcing substrate 42, but also the portion 
55 of the glass substrate 41 held by suction by the second 
holders 45 or other portions. In this case, if simultane- 
ously forming the films with the formation of the pattern 
of the glass substrate 41, the film-formation process 
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may be simplified and the cost of manufacture reduced. 
Note that it is possble to have the reinforcing substrate 
42 constantly held by the reticle holder 20D (first hold- 
ers 44) and exchange only the glass substrate 41. Fur- 
ther, the first holders 44 need not be used at all. At that 
time, the reinforcing substrate 42 may be directly fixed 
to the reticle holder 20A. 

[0079] In an exposure apparatus using an ArF exci- 
mer laser (193 nm) as explained above, a reticle com- 
prised of synthetic quartz glass may also be used, but 
considering the transmittance etc., a reticle or aberra- 
tion correction plate explained in the first and second 
embodiments is preferably used. In particular, in an 
exposure apparatus using illumination light having a 
wavelength not more than 190 nm or so. specifically 
having an oscillation spectrum at 150 to 190 nm. use of 
ordinary synthetic quartz glass Is not realistic, so the 
photomask or aberration correction plate of the present 
invention is used. 

[0060] Further, in the first and second embodi- 
ments, the explanation was made of application of 
quartz glass according to the present invention for the 
reticle or the aberration correction plate, but it is also 
possible to apply it to an optical filter arranged at the 
pupil plane of the projection optical system PL (Fourier 
transform plane) or near the same and causing partially 
different optical characteristics of the imaging light 
(amplitude transmittance, interferability, etc.), i.e., a so- 
called pupil filter. For example, when transferring a con- 
tact hole pattern or other independent pattern to a pho- 
tosensitive substrate W, a center light shielding type 
pupil filter for shielding the imaging light distributed at a 
circular region centered about the optical axis of the 
projection optical system PL and passing imaging light 
distrbuted at the outside of that circular region is used. 
Therefore, the quartz glass of the first or second 
embodiment may be formed with a circular light shield- 
ing portion by chrome or another light shielding material 
and used as the above center light shielding type pupil 
fitter. 

[0081 ] in the above second and third embodiments, 
the explanation was given using as an example a so- 
called step-and-scan type exposure apparatus, but the 
present invention is not limited to this type of exposure 
apparatus and may also be applied to a so-called step- 
and-repeat type exposure apparatus and other types of 
exposure apparatuses as well. 

Fourth Embodiment 

[0082] An explanation will be given of a fourth 
embodiment of the present invention. The projection 
exposure apparatus of the fourth embodiment is sub- 
stantially the same in overall configuration as the projec- 
tion exposure apparatus of the above second 
embodiment and differs in the point that the reticle R is 
produced using the following rock crystal (crystallized 
quartz). 



[0083] The process of production is as follows: 
First, an explanation will be cjven of the method of pro- 
duction (growth) of synthetic rock crystal transparent 
(with little transmission loss due to absorption etc.) with 

s respect to ultraviolet rays up to a wavelength of about 
146 nm. In this embodiment, it is grown by the hydro- 
thermal method using an autoclave. The growth condi- 
tions are set as follows: The temperature of the bottom 
tank (material tank) of the autoclave in which nutrient 

to (rock crystal particles) are placed was set to 352°C, the 
temperature difference (At) of the top tank (growth tank) 
of the autoclave with respect to the bottom tank was set 
to -44°C. the filling rate was set to 82%. the pressure 
was set to 1570 atm, the solution was made a 1M 

is (molar concentration) sodium hydroxide (NaOH) aque- 
ous solution, the concentration of lithium (Li+) salt 
added to the solution, when added, was made 0.1 M, the 
basal plane of the seed rock crystal was made the 
(0001) face, and the speed of growth was made 1.78 

20 mm/day. 

[0084] Here, the higher the concentrations of Fe 
and OH in the synthetic rock crystal, the greater the 
absorption of ultraviolet rays (that is, the further the shift 
of the wavelength of the usable ultraviolet rays to the 
26 long side), so to lower them, in the present embodiment. 
LiN0 2 is added for example as an Li+ salt to the NaOH 
solution. Further, if the autoclave and nutrient basket, 
baffle (convection control plate), seed rock crystal 
holder, and other members and parts coming into con- 
so tact with the solution are made by an alloy steel, the 
concentration of Fe in the solution becomes higher and 
the concentration of Fe in the synthetic rock crystal 
becomes higher, so in the present ernbodimerrt, these 
are silver plated. Note that it is also possible to use 
35 members and parts with silver linings or made of silver 
itself. Further, the plating material etc. may be a nonfer- 
rous metal other than silver which does not dissolve in a 
sodium hydroxide solution. 

[0085] If the synthetic rock crystal is grown under 

40 these conditions, then a light transmittance close to that 
of a natural rock crystal or substantially equal to or bet- 
ter than it can be realized. Note that experiments have 
shown that the OH content of natural rock crystal is 4 
ppm and the wavelength it is able to be used at is up to 

45 152 nm, while the synthetic rock crystal grown by the 
method of the present embodiment while differing 
somewhat depending on the conditions, in the best 
case can realize an OH content of the same 4 ppm and 
an applicable wavelength of down to 146 nm. It can be 

so sufficiently used for an F 2 laser light. Note that the proc- 
ess of production of the above rock crystal is disclosed 
in for example AA Ballman, D.M. Dodd, N.A. Kuebler. 
R.A. Laudise, D.L Wood, and D.W. Rudd, "Applied 
Optics, Vol. 7, No. 7 (July, 1968)", p. 1387 to p. 1390. 

55 [0086] Further, in the case of a rock crystal plate 
kept down in Fe content by the above production proc- 
ess, it is possble to eliminate entry of particles of for- 
eign matter (inclusions). Inclusions are nontransparent 
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particles of a diameter of several dozen microns formed 
by Fe compounds. If these inclusions are present close 
to the pattern surface, they will be transferred as they 
are and give rise to defects in the circuit. The positions 
of inclusions can be identified and measured, but this 
takes time and results in poor efficiency. In the end, total 
elimination of inclusions in the reticle is preferred. By 
reducing the Fe content by the above production proc- 
ess, entry of inclusions can be eliminated. 
[0087] The thus grown synthetic rock crystal is suit- 
ably cut and ground to make a rock crystal sheet of a 
predetermined size. Next, photoltthography is used to 
form the pattern to be transferred by chrome etc., 
whereby the reticle R ts produced. 
[0088] Here, the surface on which the pattern is 
formed is preferably set to be the surface orthogonal to 
the optical axis of the rock crystal (Z-axis or c-axis) . This 
is because, here, the coefficient of linear expansion of 
the rock crystal is 1 .337 x 10~ 6 /K in the direction orthog- 
onal to the optical axis (X-axis or a-axis, Y-axis or b- 
axis) and 0.797 x 10" 5 /K in the direction of the optical 
axis, so it is advantageous to form the pattern in the 
plane including the X-axis and Y-axis having equal lin- 
ear coefficients of expansion. Further, rock crystal is a 
monoaxial crystal and has birefringence. The pattern 
surface of the reticle is the surface downstream in the 
direction of incidence of the illumination light, so the 
effect is small, but not completely zero. The purpose of 
the above is also to eliminate the effect of this birefrin- 
gence. 

[0089] The amount of transmission loss due to 
absorption of light by the reticle R has an effect on the 
amount light on the wafer W and has an effect on the 
reduction of the throughput due to the reduction of the 
illumination, so the absorption of light must be reduced. 
Here, the "absorption of light" means the phenomenon 
derived from the movement of electrons due to the 
energy of the photons striking the optical members. If 
light absorption occurs in an optical member, the energy 
is mainly converted into heat energy, the optical mem- 
ber swells, the refractive index or surface state changes, 
and as a result a high resolution can no longer be 
obtained. Further, in the process of easing of the light 
absorption along with changes in the state of electrons, 
light of a wavelength longer than the incident light is 
emitted as fluorescence. This fluorescence is close in 
wavelength to the exposure wavelength and if increased 
in intensity significantly reduces the contrast of the 
image. 

[0090] The reticle R of the present embodiment 
however, is produced using the synthetic rock crystal 
grown by the above method, so does not absorb much 
of ultraviolet rays of a wavelength of up to about 146 nm 
and can maintain its structure stably even rf exposed to 
the strong energy of ultraviolet rays. Therefore, even 
when using light of an F z laser of a wavelength of 157 
nm as the illumination light, the light transmittance is 
high and there is little deterioration along with time due 



to exposure to ultraviolet rays. Further, the coefficient of 
linear expansion of rock crystal is as explained above 
and is small compared with the 2.4 x 10" 5 /K coefficient 
of linear expansion of fluorite, so there is little deforma- 
5 tion due to heating at the time of production of the reticle 
and there is resistance to heating and cooling as well, 
so the work efficiency at the time of production, includ- 
ing reticle pattern formation, is good. 
[0091 ] In an exposure apparatus using an ArF exci- 
ro mer laser (193 nm), it is also possible to use a reticle 
made of ordinary quartz glass, but considering the 
transmittance etc., it is preferable to use a reticle 
explained in the above embodiment Further, not limited 
to an F 2 laser, in an exposure apparatus using illumina- 
is tion light having a wavelength not more than about 190 
nm, specifically, an oscillation spectrum of 150 to 190 
nm, it is not practical to use an ordinary quartz glass, so 
a rock crystal photomask like in the fourth embodiment 
should be used. Further, leaving aside economical con- 
20 siderations, the invention may of course be applied to 
an exposure apparatus using illumination light of a 
wavelength of more than about 200 nm. 
[0092] Further, instead of using an F 2 laser or ArF 
excimer laser, it is possible to amplify the infrared region 
25 or visible region single wavelength laser light emitted 
from a DFB semiconductor laser or ffoer laser by 
erbium- (or erbium- and yttrium-) doped fiber amplifiers, 
and then use the high harmonic obtained by using non- 
linear optical crystals to convert the wavelength to ultra- 
30 violet light. 

[0093] For example, if the oscillation wavelength of 
the single wavelength laser is made a range of 1.51 to 
1.59 jim, the eighth harmonic having an oscillation 
wavelength of 189 to 199 nm or the 10th harmonic hav- 
35 ing an oscillation wavelength of 1 51 to 1 59 nm is output. 
In particular, if the oscillation wavelength is made a 
range of 1.544 to 1.553 pm, the eighth harmonic of a 
range of 193 to 194 nm, that is, ultraviolet light of sub- 
stantially the same wavelength as an ArF excimer laser, 
40 is obtained, while if the oscillation wavelength is made a 
range of 1.57 to 1.58 urn. the 10th harmonic of a range 
of 157 to 158 nm, that is, ultraviolet light of substantially 
the same wavelength as an F 2 laser, is obtained. 
[0094] Further, if the oscillation wavelength is made 
45 a range of 1.03 to 1.12 urn. the seventh harmonic hav- 
ing an oscillation wavelength of 147 to 160 nm is output. 
In particular, if the oscillation wavelength fe made a 
range of 1 .099 to 1 .106 pm, the seventh harmonic of an 
oscillation wavelength of a range of 157 to 158 nrrL that 
so is, ultraviolet light of substantially the same wavelength 
as an F 2 laser, is obtained. Note that the single wave- 
length oscillation laser used is a yttrium-doped fiber 
laser. 

[0095] Note that a semiconductor device fe pro- 
55 duced by the step of designing the functions and per- 
formance of the device, the step of fabricating a reticle 
explained in the above embodiment based on the 
design step, a step of fabricating a silicon wafer, a step 
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of using the exposure apparatus explained in the above 
embodiment to transfer the pattern of the reticle to the 
wafer, a step of assembling the device (including a dic- 
ing step and packaging step), and an inspection step. 
[0096] Note that the present invention is not limited 
to the above embodiments and of course may be modi- 
fied in various ways within the scope of the invention. 
[0097] All of the contents of the disclosures of Jap- 
anese Patent Application No. 9-308342 filed on Novem- 
ber 11, 1997, Japanese Patent Application No. 10- 
52830 filed on February 18. 1998, Japanese Patent 
Application No. 10-1 46604 filed on May 12. 1998, Japa- 
nese Patent Application No. 10- 144303 filed on May 26, 
1998. and Japanese Patent Application No. 10-300525 
filed on October 22. 1998, including the specifications, 
claims, drawings, and abstracts, are incorporated here 
by reference as they are. 

Claims 

1 . A photomask comprising: 

a substrate. 

a transfer pattern formed on the substrate, and 
a protective film formed on the substrate for 
protecting the substrate. 

2. A photomask as set forth in claim 1, wherein the 
substrate is comprised of calcium fluoride. 

3. A photomask as set forth in claim 1 , which is irradi- 
ated by illumination light of a wavelength of not 
more than 190 nm. 

4. A photomask as set forth in claim 3, wherein the 
substrate is comprised of calcium fluoride. 

5. A photomask as set forth in any one of claims 1 to 
4, wherein the protective film is comprised of 
chrome, chromium oxide, or silicon oxide. 

6. A photomask as set forth in any one of claims 1 to 
4, wherein the protective film is formed by the same 
material as the pattern. 

7. A photomask as set forth in any one of claims 1 to 

6, wherein the protective film is provided at a sur- 
face of said substrate for formation of the pattern. 

8. A photomask as set forth in any one of claims 1 to 

7, wherein said protective film is provided at an end 
face of the substrate. 

9. A photomask, used for an exposure apparatus hav- 
ing a light source emitting illumination light of a 
wavelength not more than about 200 nm, compris- 
ing; 



a substrate comprised of fluorine-doped quartz 
glass and 

a pattern formed on that substrata 

s 10. A photomask as set forth in claim 9. wherein said 
quartz glass is produced by hydrolyzing a silicon 
compound in a flame to produce glass particles, 
causing the glass particles to deposit to form 
porous glass, heat treating the porous glass in a flu- 
te orine-containing atmosphere to dope it with fluo- 
rine, then making the fluorine-doped porous glass 
transparent. 

1 1. A photomask as set forth in claim 9 or 10, wherein 
is an OH group concentration in the quartz glass is 

not more than 100 ppm. 

12. A photomask as set forth in claim 9, wherein the 
quartz glass is further doped with hydrogen. 

20 

1 3. A photomask, used for an exposure apparatus pro- 
vided with a light source emitting illumination light of 
a wavelength not more than about 200 nm, includ- 
ing: 

25 

a substrate produced using quartz glass hav- 
ing a structure determining temperature of not 
more than 1200K and an OH group concentra- 
tion of not less than 1000 ppm and 
30 a pattern formed on the substrate. 

14. A photomask, used for an exposure apparatus hav- 
ing a tight source emitting illumination light of a 
wavelength not more than about 200 nm, compris- 

35 ing: 

a substrate comprised of a thin sheet of quartz 
glass, 

a pattern formed on the substrate, and 
40 a reinforcing member, communicated the sub- 

strate to hold the substrate so as to prevent 
deformation of the substrate, comprised of a 
material having a transmittance at least equal 
to the substrate at least at the area where the 
45 illumination light passes. 

15. A photomask as set forth in claim 14, wherein the 
substrate is fixed so that the surface on which the 
pattern is formed is in substantially close contact 

so with the reinforcing member. 

1 6* A photomask as set forth in claim 1 4 or 1 5, wherein 
the quartz glass is doped with fluorine. 

55 1 7. A photomask as set forth in any one of claims 1 4 to 
16, wherein the material is any of fluorine-doped 
quartz glass, quartz glass with an OH group con- 
centration of not less than 1000 ppm, calcium f luo- 
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ride, rock crystal, and magnesium fluoride. 

18. An exposure apparatus comprising: 

an illumination optical system which emits illu- s 
mination light of a wavelength not more than 
about 200 nm to a photomask, 
a projection optical system which projects the 
illumination light emitted from the photomask 
on to a photosensitive substrate, w 
a stage arranged at the object plane side of the 
projection optical system and moving the pho- 
tomask substantially along the object plane, 
and 

a reinforcing member, provided at the stage for is 
holding the photomask and preventing its 
deformation, comprised of a material having a 
transmittance at least equal to that of the pho- 
tomask at least at an area through which the 
illumination light passes. 20 

19. An aberration correction plate of a projection optical 
system, projecting an image of a pattern to be irra- 
diated by illumination light of a wavelength not more 
than about 200 nm on to a predetermined surface, 25 
produced using fluorine-doped quartz glass. 

20. An aberration correction plate of a projection optical 
system, projecting an image of a pattern to be irra- 
diated by illumination light of a wavelength not more 30 
than about 200 nm on to a predetermined surface, 
produced using quartz glass having a structure 
determining temperature of not more than 1200K 
and an OH group concentration of not less than 
1000 ppm. 35 

21. An exposure apparatus comprising: 

an illumination optical system which emits illu- 
mination light of a wavelength not more than 40 
about 200 nm to a photomask, 
a projection optical system which projects the 
illumination light emitted from the photomask 
on to a photosensitive substrate, and 
an aberration correction plate, comprised of flu- 45 
orine-doped quartz glass, for correcting nonro- 
tationally symmetric aberration of the 
projection optical system and arranged in the 
path of imaging light between the photomask 
and photosensitive substrate. so 

22. An exposure apparatus comprised of: 

an illumination optical system which emits illu- 
mination light of a wavelength not more than ss 
about 200 nm to a photomask, 
a projection optical system which projects the 
illumination light emitted from the photomask 
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on to a photosensitive substrate, and 
an aberration correction plate, comprised of 
quartz glass having a structure determining 
temperature of not more than 1200K and an 
OH group concentration of not less than 1000 
ppm, tor correcting nonrotationally symmetric 
aberration of the projection optical system and 
arranged in the path of imaging light between 
the photomask and photosensitive substrate. 

23. A photomask comprising: 

a substrate comprised of a rock crystal sheet 
and 

a pattern formed on the substrate. 

24. A photomask as set forth in daim 23. wherein the 
pattern is formed on an orthogonal surface to an 
optical axis. 

25. A photomask as set forth in claim 23, used for an 
exposure apparatus provided with a light source 
emitting illumination light of a wavelength of not 
more than about 200 nm. 

26. A photomask as set forth in claim 23, 24, or 25, 
wherein the rock crystal sheet does not contain par- 
ticles of foreign matter in it 

27. An exposure apparatus comprising: 

a photomask formed with a pattern to be trans- 
ferred to a rock crystal sheet, 
an illumination optical system which emits illu- 
mination light to the photomask, and 
a projection optical system which projects the 
illumination light emitted from the photomask 
on to a photosensitive substrata 

28. An exposure apparatus as set forth in claim 27, 
wherein the photomask is arranged so that the opti- 
cal axis of the photomask becomes substantially 
parallel to the optical axis of the projection optical 
system. 

29. An exposure apparatus as set forth in claim 27. 
wherein the light source emits illumination light of a 
wavelength of not more than about 200 nm. 

30. A process of production of a microdevice compris- 
ing: 

bringing a protective fim formed on a mask 
together with a circuit pattern into contact with 
a projection to hold the mask, emitting illumina- 
tion light of a wavelength not more than about 
200 nm to the held mask, 
using the illumination light from through the 
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mask for exposing a photosensitive layer on the 
substrate on which the microdevice is to be 
formed, and thereby transferring the circuit pat- 
tern on to the substrate. 

5 

31 . A process of production of a microdevice compris- 
ing: 

emitting illumination light of a wavelength not 
more than about 200 nm on a mask using any to 
of fluorine-doped quartz glass, quartz glass 
with an OH group concentration of not less 
than 1000 ppm, magnesium fluoride, and rock 
crystal and 

using the illumination light from the mask for is 
exposing a photosensitive layer on a substrate 
on which the microdevice is to be formed, and 
thereby transferring the pattern of the mask on 
the substrate. 

20 

32. A process for production of a microdevice as set 
forth in claim 31. wherein, the illumination light is 
projected through a projection optical system on to 
the photosensitive layer, the mask used is made of 
rock crystal, and the mask is arranged so that the 25 
optical axis of the mask becomes substantially par- 
allel with the optical axis of the projection optical 
system at the time of emission of the illumination 
light. 
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